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Ice World Beyond Earth—Brief Introduction to Planetary Cryosphere
Abstract
In the present paper, we briefly introduce the planetary cryosphere of solar planets and exoplanets.
Planets and satellites in the solar system have very different surface temperatures. Therefore, they have
very different cryosphere. Mercury and the Moon likely have water ice in the permanent dark areas of
craters in polar regions. Venus is too hot to have a cryosphere. Mars has permanent polar ice caps that
include both water ice and carbon-dioxide dry ice. Beyond the snowline of the solar system, there are
many dwarf planets and satellites that are mainly consisted of water ice. With extremely low
temperatures, water ice becomes even harder than the rocks on Earth and is actually the shell layer of
these satellites and dwarf planets. In addition to water ice, other gases over Earth, such as CO 2, CH 4, N 2,
CO, and so on, are condensed to solid states under conditions of extremely low temperatures. They form
different cryosphere from water ice. Therefore, planetary cryosphere is very different from that on Earth,
and they have plenty divergences. Studies on planetary cryosphere would largely broaden our
understanding on Earth's cryosphere and benefit our understanding of the formation of the solar system,
origin of water on Earth, evolution of life and climate environment on Earth, and extra-solar life detection
in future.
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Abstract: In the present paper, we briefly introduce the planetary cryosphere of solar planets and exoplanets.
Planets and satellites in the solar system have very different surface temperatures. Therefore, they have very different cryosphere. Mercury and the Moon likely have water ice in the permanent dark areas of craters in polar regions. Venus is too hot to have cryosphere. Mars has permanent polar ice caps that include both water ice and
carbon-dioxide dry ice. Beyond the snow line of the solar system, there are many dwarf planets and satellites that
mainly consist of water ice. With extremely low temperatures, water ice becomes even harder than the rocks on
Earth and is actually the shell layer of these satellites and dwarf planets. In addition to water ice, other gases
over Earth, such as CO2, CH4, N2, and CO, are condensed to solid states under conditions of extremely low
temperatures. They form different cryosphere from water ice. Therefore, planetary cryosphere is very different
from that on Earth and has plenty divergences. Studies on planetary cryosphere would largely broaden our view
on Earth’s cryosphere and benefit our understanding on the formation of the solar system, origin of water on
Earth, evolution of life and climate environment on Earth, and extra-solar life detection in future.
DOI: 10.16418/j.issn.1000-3045.20200328001-en
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the fixed star. It is conceivable that the cryosphere at the back
of these planets has huge differences from that on Earth.
We briefly introduce major ice ages in the history of Earth,
as well as the cryosphere on the solar planets and habitable
exoplanets.

1

Two Snowball Earth events

CN

Under modern climate conditions, the Earth’s cryosphere
is mainly located in the high-latitude and high-altitude areas
and the middle troposphere to mesosphere of the atmosphere [1]. In the history of 4.6 billion years, the Earth’s climate
has undergone drastic changes in temperature and the scope
of Earth’s cryosphere has been fluctuating. In the warm period, there were even no ice sheets at the two poles. In the
extremely cold period, cryosphere expanded to the equator,
and the Earth was even fully frozen. In the solar system, the
diversity of cryosphere in various planets far exceeds the
concept formed based on the Earth’s cryosphere. Since the
surface air pressure and temperature of Earth are different
from those of other planets and their satellites, the cryosphere
of other planets and their satellites is different from the
Earth’s cryosphere. In particular, planetary cryosphere contains the spheres formed by volatile components [2]. Under
extremely low temperature conditions, carbon dioxide (CO2)
can form dry ice and realize sedimentation on Mars and nitrogen (N2) can form nitrogen ice on Pluto. In the peripheral
regions of the solar system, some dwarf planets and satellites
are mainly composed of water, and their shell layer is mainly
cryosphere. Under extremely low temperature, the physical
properties of water ice on these dwarf planets and satellites
are completely different from those on Earth. More than
4 000 exoplanets have been discovered so far, 10–20 of which
may be suitable for the living of terrestrial creatures. Most of
these habitable exoplanets are tidally locked planets, with one
side always facing the fixed star and the other side back on to

The Earth’s history of 4.6 billion years shows that the
climate presents the general trend of getting colder. From the
formation of Earth to 2.5 billion years ago, there was basically no ice age except for a short cold period about 3 billion
years ago. Moreover, there were probably no ice sheets in
polar regions, and cryosphere only existed in the atmosphere,
namely ice crystal cloud. The mean surface temperature of
early Earth was much higher than that now, which is supported by geological evidence such as oxygen and silicon
isotopes [2].
Five major ice ages have occurred on Earth in the last 2.5
billion years, two of which were global events occurring in
the Paleoproterozoic era (2.3 billion years ago) and the Neoproterozoic era (0.8–0.6 billion years ago). When either of
the two ice ages reached the peak, the global mean temperature dropped to −50 °C or lower. As a result, the land was
covered by glaciers and sea ice reached the thickness of 1–2
km and extended to the equatorial zone. Moreover, even the
ocean in the equatorial zone was frozen, and the Earth’s
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greenhouse effect. (4) Under the high CO2 concentration and
strong greenhouse effect, the Snowball Earth started melting,
which further led to warm climate on Earth. The whole process represents a carbonate-silicate cycle and reflects the
negative feedback on climate stability. Unlike the formation
of the Snowball Earth in the Paleoproterozoic era, the
Snowball Earth in the Neoproterozoic era was formed due to
the concentration decrease of CO2 rather than CH4. The two
melting events were caused by the enhanced greenhouse
effect due to the increase in CO2 concentration.
These two Snowball Earth events posed great challenges
to the traditional paleoclimate change and life evolution [3,4].
At present, debate still exists on these two events, mainly
involving whether the ocean was completely frozen or there
was still open sea in the tropical zone. Although all the evidence proves that there were the most serious ice ages in the
early and late Proterozoic, it could not fully prove that Earth
was completely frozen in these two ages. The available evidence indicates that it is more reasonable that there is open
ocean surface in the tropical zone. If Earth was completely
frozen for millions of years, it would be hard to answer the
question on the continuation of primitive life.

K
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cryosphere expanded to its largest extent. These two global
ice ages are also known as Snowball Earth. When the global
ocean was frozen, the water circulation was basically
blocked. Accordingly, there was no snowfall and the snow
cover gradually became ice. In these two ages, Earth was
actually covered by ice, and it is therefore more appropriate
to call it Icy Earth [3,4].
The evidence for these two ice ages mainly comes from
three aspects. (1) Glacier remnants of the two ice ages were
found on all the continents in modern times. The paleomagnetic evidence proved that the continents in those ages were
basically concentrated in tropical zones, indicating that there
were glaciers on the continents in the equatorial zone. (2)
There were banded iron ores in both ages, indicating that the
ocean was completely frozen before the formation of banded
iron ores. Iron dissolved in sea water in an oxygen-free state
when the source of oxygen was blocked by ocean freezing
(iron can be dissolved in water in the absence of oxygen).
When the sea ice melted, oxygen in the atmosphere would
enter the ocean, and then iron and oxygen would react to form
iron oxide which would precipitate in seawater and form
banded iron ores. (3) The existence of carbonate rocks on
glacier remnants indicates that silicate weathering on the
surface was stopped or greatly weakened in the ice ages, and
the CO2 from volcano eruptions continuously accumulated in
the atmosphere. When the glaciers melted, CO2 in the atmosphere would form via weathering calcium carbonate
which then settled down.
The Huronian glaciation during the Palaeoproterozoic era
lasted for the longest time among ice ages in the history of
Earth. It is generally believed that the formation of Snowball
Earth is related to the oxidation of methane (CH4) in the
atmosphere. In the Paleoproterozoic era, atmospheric oxygen
(O2) was accumulated, and the oxidation reduced the concentration of CH4 in the atmosphere, weakened the greenhouse effect, and led to the cooling of Earth, thereby inducing
the Snowball Earth.
The Snowball Earth in the Neoproterozoic era involved at
least three to four times of global glacier formation and
melting, at least two of which were global events. The formation and melting of Snowball Earth were related to
changes in CO2 concentration, which were the results of
typical negative feedback of carbonate-silicate geochemical
cycle. The formation and melting of Snowball Earth in the
Neoproterozoic era could be divided into four stages. (1) The
exposed surface in the tropical zone caused strong weathering, reducing the concentration of CO2 and weakening the
greenhouse effect. (2) Under the effect of ice/snow-albedo
positive feedback, land ice and sea ice expanded from high
latitudes to the tropical zone, thus forming global freezing.
(3) Freezing blocked weathering, and CO2 from the volcanic
eruptions accumulated in the atmosphere, thus increasing the

2

Cryosphere of solar planets

2.1

Snow line of the solar system

CN

Compared with the cryosphere on other planets and satellites in the solar system, the Earth’s cryosphere is only a small
point. Just like that of high-altitude mountains, snow line
(white line in Figure 1) exists in the solar system, which is
located between Mars and Jupiter, about 2.7 AU (1) from the
sun. There are four solid planets (Mercury, Venus, Earth, and
Mars) within the snow line of the solar system and four
gaseous planets (Jupiter, Saturn, Neptune, and Uranus) beyond the snow line of the solar system [5]. Within the snow
line of the solar system, water ice cannot exist permanently
under direct solar radiation and may easily volatilize into
water vapor. Beyond the snow line, the temperature of planets
is quite low and water ice is difficult to volatilize according to
the Clausius-Claperon equation. Therefore, water ice can
exist permanently and maintain stable on the geological time
scale [6]. In addition to the four gaseous planets, there are a
large number of dwarf planets, asteroids, and solid satellites
beyond the snow line of the solar system, all of which have
much water ice. Some satellites are mainly covered by water
ice on the shell, and thus they are generally called icy satellites. Multiple icy satellites have geological activities such as
ice crust cracking and eruption of lower water vapor and
other substances, which have greatly expanded the cryosphere. Therefore, the concept of cryosphere in the solar
system is rich.

① Astronomical unit (AU), the mean distance between Earth and the Sun, 1 AU = 1.495978707 × 1011 m.
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Figure 1 Locations of the sun, the eight planets, and snow line in
the solar system
The planets from left to right: Sun, Mercury, Venus, Earth, Mars, Jupiter,
Saturn, Neptune and Uranus; the white dotted line between Mars and Jupiter is the snow line.

2.2

Cryosphere of Mars
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The research on planetary cryosphere is of great value for
understanding and looking for the origin of life as well as
studying climate evolution on Earth and other planets. In
addition, it also has the potential to provide important sources
of energy and materials for planets and even interstellar settlements in the future.

ice sheet. The southern ice cap is small, with the diameter of
about 400 km and the thickness equivalent to that of the arctic
ice cap. The polar ice caps of Mars are composed of water ice
and dry ice (solid CO2). The northern ice cap contains more
water ice, while the southern ice cap contains more dry ice.
The polar ice caps of Mars present seasonal changes, which
are mainly caused by the seasonal changes of dry ice. At both
poles of Mars, the winter temperature is lower than the
temperature of CO2 solidification. Therefore, CO2 in atmosphere would freeze and form dry ice to settle in polar
regions in winter. However, the temperature at the north pole
can reach −68 °C in summer, exceeding the sublimation
temperature of CO2, and thus the surface dry ice will sublimate into the atmosphere. The summer temperature at the
south pole seldom exceeds −125 °C and thus dry ice will not
sublime. Therefore, the composition of polar ice caps is different on Mars. It is worth mentioning that the cryosphere of
Mars contains dry ice in addition to water ice. Therefore,
planetary cryosphere is formed not only by water but also by
solidification of other atmospheric components.

CN

The four solid planets within the snow line of the solar
system were short of water at the beginning of formation of
the solar system, and thus have small cryosphere. On Mercury, no significant atmosphere can be maintained due to its
small mass, like the satellite (namely the Moon) of Earth. On
the surface directly exposed to the sun, water ice hardly exists
because ice may quickly sublimate and escape into space
under the sun. The existence of water ice in permanent dark
areas of craters in polar regions on Mercury and the Moon
was in debate throughout the 20th century. MESSENGER
and Chang’e-series satellites sent for lunar exploration in
recent years have provided more and more evidence showing
the existence of a small amount of water ice in permanent
dark areas of craters in polar regions on Mercury and the
Moon [7,8]. On Venus with strong greenhouse effect, the
near-surface temperature can reach 500 °C, which is too hot
for the existence of water or ice on the surface.
Mars was once the first choice for searching liquid water.
On Mars, the global mean temperature is below −60 °C and
winter temperature in polar regions below −150 °C. Although
some geomorphic features and sediments indicate that there
might be abundant liquid water and even ocean on Mars 3
billion years ago, no water ice is found at low and middle
latitudes of Mars at present. It is not clear whether there is
frozen soil or water ice in the subsurface at the middle and
low latitudes. The ice caps at the north and south poles of
Mars form the main body of cryosphere (Figure 2) [9]. The
northern ice cap is large, with the diameter of about 1 100 km,
thickness of 2–3 km, and volume of about 1.9 × 106 km3,
which is close to the volume (2.85 × 106 km3) of Greenland

Figure 2
of Mars

Images of permanent ice caps at north and south poles

(A) Northern ice cap; (b) Southern ice cap with a small volume; Data
source: NASA/JPL/USGS.

2.3

Cryosphere of Ceres

Ceres, a dwarf planet with the diameter of 940 km, is the
largest one in the asteroid belt, which is located between
Mars and Jupiter, 2.8 AU from the Sun. The available studies
indicate that the shell of Ceres is about 40 km thick, which is
composed of rocks and at least 40% water ice. The Dawn
probe launched by NASA in 2015 shows that the surface of
Ceres is a mixture of water ice and hydrated minerals. In
addition, cryovolcanoes such as Ahuna Mons are discovered
on Ceres [10]. Ahuna Mons, about 17 km wide and 4 km high
(Figure 3), is formed by the eruption of water ice from the
part below the shell [10].
In addition to Ceres, many other asteroids in the asteroid
belt are also mainly composed of water ice. Some studies
indicate that a considerable part of water on Earth was
brought by the collision of water-rich asteroids on Earth in

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

3

Figure 3

Ahuna Mons on Ceres

Data source: NASA/JPL-Caltech/UCLA/MPS/DLR/IDA (https://photojournal.
jpl.nasa.gov/catalog/PIA21906).

Icy satellites
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the period of Late Heavy Bombardment (4.2 billion to 3.8
billion years ago). Therefore, studying the cryosphere beyond
Earth is of great significance for understanding the origin of
water and the evolution of life on Earth.

under Saturn’s gravity. The beautiful halo of Saturn is mainly
composed of water ice particles. After several passages,
Cassini detects that the gases mainly contains mainly water
vapor, 5% CO2, 1% CH4, 1% ammonia (NH3), and a small
amount of heavy hydrocarbons and organic compounds [12].
The three essential conditions for life on Earth are elements,
liquid water, and chemical energy (redox gradient), and the
former two can be found on Enceladus, making it an important target for astrobiological research, especially for
searching for the origin of life.
Titan is the only satellite with dense atmosphere in the
solar system. CH4 and N2 in the atmosphere may have photo
chemical reaction to generate high-order hydrocarbons and
nitriles, which form organic aerosol particles and thus cause
haze. Cassini found with the radar system a series of CH4
lakes at the surface temperature below 100 K on Titan, the
small ones of which are less than 10 km3 and the largest one
(Kraken Mare) has an area of 500 000 km3 [13,14]. In addition
to Earth, Titan is the only celestial body with a large area of
stable liquid on the surface. The role of CH4 on Titan is similar to that of water on Earth. The CH4 lakes can maintain the
CH4 content in the atmosphere and form CH4 clouds. The
presence of crisscrossing river traces on the ground indicates
that there are intermittent liquid CH4 depositions on Titan. In
addition, Huygens launched by Cassini also photographed
many pebble-sized water ice particles that may contain hydrocarbons at the landing point on Titan.

2.5

Pluto

There are many asteroids mainly composed of water ice in
the Kuiper belt beyond the solar system [15]. Pluto, as the
largest one among such asteroids, is a dwarf planet with the
shell mainly composed of water ice. The surface temperature
of Pluto is 30–60 K, at which volatile substances such as N2,
CH4, and carbon monoxide (CO) exist in the solid form and
cover the bedrock formed by water ice with photochemical
organic matter. The thickness and composition ratio of the
volatile ice would change significantly with the variation of
temperature. Similar to that of Titan, the cryosphere of Pluto
is coupled with the atmosphere, and its atmospheric pressure
is controlled by the saturated vapor pressure of nitrogen ice.
At aphelion, the surface temperature and atmospheric pressure of Pluto are both low. At perihelion, the high surface
temperature makes N2, CH4, and CO volatilize into the atmosphere, increasing the atmospheric pressure [16].
The photos taken by New Horizons during its flyby of
Pluto show that there is a heart-shaped plain known as Sputnik Planitia, a basin surrounded by water ice mountains with
the height of 2–3 km. In addition, there are traces of cryovolcano activity (Figure 5). Sputnik Planitia is covered with
a layer of volatile ice of thousands of meters thick, which is
mainly composed of N2 and small amounts of CH4 and CO.
This layer of nitrogen ice can take solid convective motion
and update its surface via viscous flow [17].

CN

Jupiter and Saturn are two giant gaseous planets with a
large number of satellites, many of which are composed of
water ice. The beautiful halo of Saturn is also composed of
water ice particles.
Water ice covers the surfaces and forms the shells of Europa, Ganymede, and Callisto, which is completely different
from the Earth’s shell composed of rocks. Under the water ice
shells of these satellites, there are probably liquid oceans.
Since liquid water is the primary conditions under which
creatures exist, extensive attention has been paid to Europa.
Voyager launched in the 1970s took lots of pictures, which
show that there are crisscrossing ridge-valley-ridge cracks on
the water ice surface of Europa. In addition, about 1/4 of the
water ice surface area is crashed into polygonal units of several kilometers, reflecting the traces of liquid flow under the
Europa’s shell. Many scientists believe that there is a deep
ocean under the water ice shell of Europa. Gravity field
measurements indicate that the total depth of the outer ice
layer and the possible underground ocean can reach 100–200
km [11].
The icy satellites of Saturn are similar to those of Jupiter.
For example, Enceladus (with the density of about 1 600
kg·m−3, containing 60% of rocks and 40% of water/ice), is
covered by water ice shell, under which there may be a global
ocean. Enceladus has an unexpected intensity of geological
activities. The young southern ice shell of Enceladus has four
parallel cracks (tiger stripes) which continuously emit supersonic ice particles, water vapor, and other gases to the
altitude of several hundred kilometers (Figure 4). Most of the
erupted materials would fall back to the surface of Enceladus,
and about 9% would form a part of spectacular ring (E ring)

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

4

Figure 4

Photos of Enceladus taken by Cassini

(A) Pseudocolor map, showing that Enceladus is covered by water ice; denser craters can be seen on the upper right, and the four parallel light blue stripes
below are the tiger stripes at the south pole, which are also the locations of eruptions; (B) Gas and solid fountains ejected from tiger stripes at the south pole
of Enceladus; Data source: NASA PIA07800, PIA11688.
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Physics. After 1995, the number of confirmed exoplanets
increased exponentially year by year. At present, more than
4 000 exoplanets have been confirmed, 10–20 of which may
be habitable planets [18]. Whether a planet is habitable depends on many conditions such as surface water, stellar radiation, planetary orbit, atmospheric composition, ozone
layer, plate structure, and magnetic field, in which liquid
water is the primary condition for the existence of life. The
long-term existence of liquid water on planetary surface
mainly depends on the surface temperature. If the water on a
planet remains solid and completely frozen all year round, the
planet is definitely not habitable.
In exoplanets, those most likely to have cryosphere orbit a
red dwarf [18]. Red dwarf is relatively small in mass, about
7.5%–60% of the Sun, and its radiation temperature is low
(2 300–3 800 K) compared with that (5 800 K) of the Sun.
Because of the small mass, the nuclear fusion reaction of red
dwarf is much slower than that of the Sun, and its life will be
much longer than that of the Sun-like stars. More than 80% of
the stars in the Milky Way are red dwarfs, and there are fewer
Sun-like stars or fixed stars with greater mass. At present,
most of the discovered exoplanets engage in the revolution
around red dwarfs. Since red dwarf has much weak radiation
intensity than the Sun, the habitable planets are close to them,
which may result in strong tidal force of the fixed star, thus
forming tidal phase lock. One side of each habitable planet
will always be in the daytime, and the other side in darkness,
like the Moon locked by Earth. Therefore, we can only see
one side of the Moon.
The atmospheric circulation of a tidally locked planet is
quite different from that of Earth, which may converge and
rise at the sunny side, sink at the night side, and then go back
to the sunny side through the boundary layer. Such atmospheric circulation can transport water vapor and hot air from
the sunny side to the night side, and meanwhile cold air from
the night side to the sunny side. Since the night side cannot
receive stellar radiation, the temperature is quite low, and

Figure 5 Photos of nitrogen ice on the Sputnik Planitia of Pluto
taken by New Horizons

The actual size of the photo is about 400 km. The polygons have the length
and width of about 30 km and are formed by the convective motion of
nitrogen ice under the effect of geothermal heat. At the lower left side, the
brown peak of 2–3 km high is mainly water ice. The small pits in the photo
are a few hundred meters in size and are formed by nitrogen ice volatilization caused by low-albedo substances. Data source: http://photojournal.
jpl.nasa.gov/catalog/PIA20726

3

Cryosphere of exoplanets

The first exoplanet was confirmed in 1995, which was an
epoch-making event. Its discoverers Michel Mayor and
Didier Queloz were awarded the 2019 Nobel Prize in

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.
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elaborate the basic physical principles. The phase state of any
substance is a function of temperature and pressure, and the
change of any one or two conditions may result in different
phase states. Under high temperature and pressure, water will
become super fluid. Under low temperature and pressure,
water ice will be extremely hard and form the planetary shell.
Hydrogen (H2), a generally gas, has the characteristics of
metal and can even be conductive under high pressure. It is
even believed that H2 has the properties of metal at the core of
Jupiter due to the high atmospheric pressure.
The evolutionary history of cryosphere on Earth will not
only be the basis for us to understand the cryosphere of other
planets but also have great significance in revealing the
source of water on Earth. It remains unclear whether water
exists at the beginning of formation of the Earth or be brought
by the asteroids collided on Earth. Asteroid exploration,
especially hydrogen isotope measurement, conducted in the
future may answer this question. The formation mechanism
of the two Snowball Earth events and the related scientific
issues are still research hotspots in geoscience. These basic
issues are the basis for unveiling the habitability of Earth.
The diversity of planetary cryosphere will greatly deepen
our understanding on cryosphere. For example, there are both
water ice and dry ice at both poles of Mars. One of the targets
of future exploration is to determine whether there is frozen
soil and liquid water at the subsurface of Mars. Many dwarf
planets and satellites beyond the snow line of the solar system
have sufficient water in the form of water ice, which forms
the shells of these planets and satellites. Other volatile
components, such as CH4, N2, and CO, also exist in solid
form and form the planetary cryosphere completely different
from the Earth’s cryosphere.
Deep space exploration is the main measure for planetary
cryosphere research. The future deep space exploration will
also include the exploration of planetary cryosphere. In the
past 20 years, Cassini-Huygens sent to Saturn system and
Galileo to Jupiter system have provided rich observation data
on icy satellites. The observation of Mercury by
MESSENGER, Pluto and its satellites by New Horizons,
Ceres by Dawn, and the comet 67P/ChuryumovGerasimenko by Rosetta along with Philaehas provided
valuable data for studying cryosphere of the solar system.
The Chang’e-series satellites for detecting the Moon have
greatly enriched our knowledge of the lunar cryosphere. Juno
probe currently running in the orbit of Jupiter as well as Europa Clipper and JUICE to be launched in the next 10 years
will carry out multi-dimension observation. They are expected to measure the thickness, composition, and rheological property of the ice layer of Jupiter’s satellites and make
accurate estimation of the existence of a liquid ocean under
the ice shell. These exploration plans will be of vital importance for understanding the cryosphere of the solar system
and detecting the existence of extraterrestrial life.
The cryosphere of habitable exoplanets has been a hot spot
in the research of exoplanet habitability. At present, most of
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water vapor will condense into ice and snow to fall on the
surface, thus forming the ice sheet [19]. Therefore, the night
side of a tidally locked planet is the development zone of
cryosphere.
The thickness of ice at the night side of a tidally locked
planet depends on many factors. The primary factor is the
geothermal flux at the ice bottom. The greater geothermal
flux will make the ice less likely to become thicker, and the
water frozen at the night side will be less [19]. Secondly, under
the action of gravity, the ice at the night side will flow toward
the sunny side. When flowing back to the sunny side, it will
be melt into lakes or ocean. If there is little water on the
planet, the water may be easily frozen at the night side, which
means the planet is not habitable. If there is enough water on
the planet, even if part of the water is frozen at the night side,
the ocean remains at the sunny side, which means the planet
is habitable. The ocean circulation can transport heat from the
sunny side to the night side to heat the night side, which make
the ice at the night side and sea ice not too thick.
Figure 6 illustrates the thickness of land ice at the night
side of a tidally locked planet simulated by the sea-air coupled model and the ice sheet model [20]. In this simulation
experiment, the geothermal heat flux and gravity of the planet
are the same as those of Earth. The maximum thickness of the
land ice on the night side can reach 2 km, and the maximum
speed of ice movement can reach 1.0 m per year. In the case
of Earth’s ocean mean depth of 4 km, if the ice thickness on
the night side of a tidally locked planet is 2 km, there will be
ocean of 2 km deep on the day side. However, if the entire
ocean is shallow, there may be no liquid water on the day
side, indicating that the planet is not habitable.

Figure 6 Thickness of land ice at the night side of a tidally
locked planet [20]

4

Conclusions

This paper briefly introduces the two Snowball Earth
events and the planetary cryosphere. The following two
points should be emphasized. (1) Under different temperature
conditions, the physical characteristics of water ice on other
planets are quite different from those on Earth. (2) Under
extremely low temperature conditions, volatile substances
can form cryosphere on other planets, which is hard to imagine on Earth. Due to the length of the paper, we did not

© 2020 China Academic Journals (CD Edition) Electronic Publishing House Co., Ltd.

6

the potentially habitable planets that have been discovered
are tidally locked planets. The development of cryosphere on
the night side will directly affect the existence of liquid water
on the sunny side and thus the habitability of these planets.
The next-generation space telescopes will be used to observe
the cryosphere of habitable planets, and we expect that there
will be more exciting scientific discoveries.
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